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jhanisms accounting for protection of the fetal semiaUogra ft from maternal immune cells remain incompletely understood. In 
other contexts, interactions between TRAIL (TNF-related apoptosis-inducing ligand/ Apo-2L) and its receptors IdH activated 
lymphocytes. The purpose of this study was therefore to investigate the potential of the TRAIL/TRAIL-R system to protect the 
placenta against immune ceil attack. Analysis by Northern blotting demonstrated mRNAs encoding TRAIL as well as the four 
TRAIL receptors (DR4, DR5, DcRl/TRlD, DcR2/TRUNDD) in human placentas. Immunohistochemical experiments demon- 
strated that TRAIL protein is prominent in syncytiotrophoblast, an uninterrupted placental cell layer that is continuously exposed 
to maternal blood, as well as in ma cr op h age-tike placental mesenchymal cells (Hofbauer cells)! Studies on ceil lines representing 
trop ooblasts (Jar, JEG-3 ceQs) and macrophages (U937, THP-1 cells) showed that both lineages contained TRAIL mRNA and that 
steady state levels of transcripts were increased 2- to 11-fold by IFN-y. By contrast, cell lineage-specific differences were observed 
in expression of the TRAIL-R genes. Although all four lines contained mRNA encoding the apoptosis-inducing DR5 receptor, only 
trop ho blast cells contained mRNA encoding the DcRl decoy receptor and only macrophages contained DcR2 decoy receptor 
transcripts. DR4 mRNA was present only in THP-1 cells and was the only TRAIL-R transcript increased by IFN-y. Cytotoxicity 
assays revealed that the two trophoblast cell lines were resistant, whereas the two macrophage lines were partially susceptible to 
killing by rTRAIL. Collectively, the results are consistent with a role for the TRAIL/TRAILER system in the establishment of 
placental immune privilege. The Journal of Immunology, 1999, 162: 6053-6059. 


Throughout pregnancy, the uterus and placenta are sites of 
immune privilege in which immunologic responses to ge- 
netically different fetal tissues are effectively thwarted (re- 
viewed in Refs. 1-4). The fetal cells that are directly exposed to 
maternal tissues and blood are trophoblast cells, a unique cell type 
derived from the trophectoderm layer of the implanted blastocyst. 
This cell layer completely surrounds and encases the embryo (5, 
6). Multiple mechanisms protect trophoblast cells from immuno- 
logic rejection (1-4). Fas ligand (FasL), 3 one of the two apoptosis- 
inducing members of the TNF superfamily known to be expressed 
in trophoblast (7, 8), is believed to be a major contributor to pla- 
cental immune privilege (8). 

The TNF-related apoptosis-inducing ligand (TRAIL, also 
known as Apo-2L) is a newly identified TNF superfamily member 
with high homology to FasL (9-12). TRAIL and FasL cooperate 
in limiting lymphocyte proliferation following activation and use 
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some common pathways leading to apoptotic cell death (11—18). 
Unlike FasL and other apoptosis-inducing TNF family members, 
TRAIL transcripts are detectable in many normal organs and tis- 
sues, including human placentas (9, 10). In the TRAIL/TRAJL-R 
system, control over apoptosis relies on differential display of re- 
ceptors (TRAEL-R). These include DR4 (TRAIL-Rl) and DR5 
(TRICK2/TRAIL-R2), which transduce apoptotic signals, and 
DcRl (TRTO/LIT/TRAIL-R3) and DcR2 (T^UNDLVTRAIL-R4), 
which lack functional death domains and act as decoys (19—32). 
TRAIL-R are widely expressed, and Northern blots have detected 
messages encoding all four receptors in human placentas (19—24, 
30, 32). 

Because TRAIL expressed in trophoblast cells might contribute 
to immune privilege by killing activated lymphocytes and 
TRAIL-R expression would determine the vulnerability of tropho- 
blast to killing by TRAIL, we undertook evaluation of this system 
in human placentas and celt lines. Specific transcripts were iden- 
tified in human placentas, and TRAIL protein was irnmunolocal- 
tzed to a restricted number of cell types, which included tropho- 
blast and macrophages. We then documented TRAIL and 
TRAIL-R mRNAs in trophoblast and macrophage cell lines. Hav- 
ing learned that receptor expression differed in the two lineages, 
we compared their respective abilities to resist killing by TRAIL. 

Materials and Methods 

Tissues and celt lines 

Sections of human first trimester (n = 3) and term placentas (« = 2) as well 
as cxtraplaccntal membranes (n = 2) were obtained from elective preg- 
nancy terminations and normal cesarean section deliveries, respectively, in 
accordance with a protocol approved by the Human Subjects Committee of 
the University of Kansas Medical Center (Kansas City, KS). The tissues 
were manually dissected and fixed in 4% paraformaldchyde-PBS overnight 
at 4°C, men blocked into » j 

blast-derived choriocarcii 
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htoughout pregnancy, the uterus and placenta are sites of 
immune privilege in which immunologic responses to ge- 
netically different fetal tissues are effectively thwarted (re- 
viewed in Rets. 1—4). The fetal cells that are directly exposed to 
maternal tissues and blood are trophobiast cells, a unique ceil type 
derived from the trophectoderm layer of the implanted blastocyst. 
This cell layer completely surrounds and encases the embryo (5, 
6). Multiple mechanisms protect trophobiast cells from immuno- 
logic rejection (1—4). Fas ligand (FasL), 3 one of the two apoptosis- 
inducing members of the TNF superfamily known to be expressed 
in trophobiast (7, 8), is believed to be a major contributor to pla- 
cental immune privilege (8). 

The TNF-related apoptosis-inducing ligand (TRAIL, also 
known as Apo-2L) is a newly identified TNF superfamily member 
with high homology to FasL (9-12). TRAIL and FasL cooperate 
in limiting lymphocyte proliferation following activation and use 
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some common pathways i^wi^ig to apoptotic cell death (11-18). 
Unlike FasL and other apoptosis-inducing TNF family members, 
TRAIL transcripts are detectable in many normal organs and tis- 
sues; including human placentas (9, 10). In the TRAUVTRAIL-R 
system, control over apoptosis relies on differential display of re- 
ceptors (TRAIL-R). These include DR4 (TRAIL-R1) and DR5 
(TRICK2/TRAIL-R2X which transduce apoptotic «ign*l<^ and 
DcRl (TRID/LIT/TRAIL-R3) and DcR2 (TRUbTOLVTRAlL4t4X 
which lack functional death domains and act as decoys (19—32). 
TRAIL-R are widely expressed, and Northern blots have detected 
messages encoding all four receptors in human placentas (19-24, 
30,32). 

Because TRAIL expressed in trophobiast cells might contribute 
to immune privilege by killing activated lymphocytes and 
TRAIL-R expression would determine the vulnerability of tropho- 
biast to killing by TRAIL, we undertook evaluation of this system 
in human placentas and cell lines. Specific transcripts were iden- 
tified in human placentas, and TRAIL protein was ixmnunolocal- 
ized to a restricted number of cell types, which included tropho- 
biast and macrophages. We then documented TRAIL and 
TRAIL-R mRNAs in trophobiast and macrophage cell lines. Hav- 
ing learned that receptor expression differed in the two lineages, 
we compared thek respective abilities to resist killing by TRAIL. 

Materials and Methods 

Sections of human first trimester (n = 3) and term placentas (n — 2) as welt 
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nancy terminations and normal cesarean section deliveries, respectively, in 
accordance with a protocol approved by the Human Subjects Committee of 
the University of Kansas Medical Center . (Kansas City, KS). the tissues 
were manually dissected and fixed in 4% naraformaldehyde-PBS overnight 
at 4°C, then blocked into 
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Throughout pregnancy, the uterus and placenta are sites of 
immune privilege in which immunologic responses to ge- 
netically different fetal tissues are effectively thwarted (re- 
viewed in Refs. 1-4). The fetal cells that are directly exposed to 
maternal tissues and blood are trophoblast cells, a unique cell type 
derived from the trophectoderm layer of the implanted blastocyst 
This cell layer completely surrounds and encases the embryo (5, 
6). Multiple mechanisms protect trophoblast cells from immuno- 
logic rejection (1-4). Fas ligand (FasL), 3 one of the two apoptosis- 
inducing members of the TNF superfamily known to be expressed 
in trophoblast (7, 8), is believed to be a major contributor to pla- 
cental immune privilege (8). 

The TNF-related apoptosis-inducing ligand (TRAIL, also 
known as Apo-2L) is a newly identified TNF superfamily member 
with high homology to FasL (9-12). TRAIL and FasL cooperate 
in limiting lymphocyte proliferation following activation and use 
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some common pathways leading to apoptotic cell death (11—18). 
Unlike FasL and other apoptosis-inducing TNF family members, 
TRAIL transcripts are. detectable in many normal organs and tis- 
sues, including human placentas (9, 10). In the TRAIL/TRAIL-R 
system, control over apoptosis relies on differential display of re- 
ceptors (TRAIL-R). These include DR4 (TRAIL-R I) and DR5 
(TRICK2/TRAIL-R2), which transduce apoptotic signals, and 
DcRl (TRID/LIT/TRAIL-R3) and DcR2 (TO.UNDD/TRAIL-R4), 
which lack; functional death domains and act as decoys (19—32). 
TRAIL-R are widely expressed, and Northern blots have detected 
messages encoding all four receptors in human placentas (19—24, 
30, 32). 

Because TRAIL expressed in trophoblast cells might contribute 
to immune privilege by killing activated lymphocytes and 
TRAIL-R expression would determine the vulnerability of tropho- 
blast to killing by TRAIL, we undertook evaluation of this system 
in human placentas and cell lines. Specific transcripts were iden- 
tified in human placentas, and TRAIL protein was immunolocal- 
ized to a restricted number of cell types, which included tropho- 
blast and macrophages. We then documented TRAIL and 
TRAIL-R mRNAs in trophoblast and macrophage cell lines. Hav- 
ing learned that receptor expression differed in the two lineages, 
we compared their respective abilities to resist kilting by TRAIL. 

Materials and Methods 

Tissues and cell lines 

Sections of human first trimester (n = 3) and term placentas (n = 2) as well 
as extraplacental membranes (n = 2) were obtained from elective preg- 
nancy terminations and normal cesarean section deliveries, respectively, in 
accordance with a protocol approved by the Human Subjects Committee of 
the University of Kansas Medical Center (Kansas City, KS). The tissues 
were manually dissected and fixed in 4% paraformaldchydc-PBS overnight 
at 4°C, then blocked into paraffin at low temperature. The human tropho- 
b last-derived choriocarcinoma cell lines, Jar and JEG-3, and the U937 
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myelomonocytic cells were purchased from the American Type Culture 
Collection (ATCC, Manassas, VA). The Wilkinson Laboratory for Cancer 
Research at the University of Kansas Medical Center kindly provided 
THP-l monocyte/macrophage cells. The cell lines were cultured at 37°C in 
RPMI 1640 (Sigma- Aldrich, St Louis, MO) supplemented with 10% FBS 
(Atlanta Biologicals, Norcross, GA) and antibiotics (Sigma-Aldrich) 
(growth medium). 

Immunoblot analysis 

Human term placental protein (Human Placenta Protein Medley; Clonfech 
Laboratories, Palo Alto, CA) was fractionated by standard 10% SDS- 
PAGE (33) using a MiniPROTEAN II Dual Slab Cell (Bio-Rad Labora- 
tories, Hercules, CA). The gels were clectrophoretically transferred to ni- 
trocellulose membranes (Schleicher & SchueU, Keene, NH) using the Bio* 
Rad MiniTrans-Blot CelL TRAIL was identified according to the . 
manufacturer's instructions using goat anti-human TRAIL (K-18) Ab (1 
/ig/mi), which recognizes amino acids 233-250 in the C -terminal region of 
TRAIL, and donkey anti-goat IgG-HRP secondary Ab, both from Santa 
Cruz Biotechnology (Santa Cruz, CA). Goat IgG from Sigma-Aldrich 
served as a control Cor nonspecific binding The enhanced chemiinmmcscencc 
substrate was SuperSignal (Pierce, Rockfbrd, IL); d et e ct ion was by exposure 
to Hyperfilm MP (Amersham Life Science, Arlington Heights, XL). 

[mmunohistochemistry 

The paraformaldehyde-fixed tissues were embedded in paraffin at low tem- 
perature, and two 5 -micron sections were taken onto glass slides for anal- 
ysis by immuno histochemistry, as previously described (7), with the fol- 
lowing modifications. Following blocking with normal horse serum, the 
goat IgG anti-TRAIL primary Ab K-18 or control goat IgG (both at 15 
fxg/ml) was incubated with the tissues overnight at 4°C. Biotinyiated horse 
anti-goat IgG (15 p-g/ml; Vector Laboratories, Burlingame, CA) was in- 
cubated with the samples for 30 min at room temperature, and endogenous 
peroxidase was blocked after this step. For peptide inhibitions, primary Ab 
(10 fLg/ml) was incubated with a 19-fold weight excess of peptide K-18 
(Santa Cruz Biotechnology) for 1 h at room temperature. The mixtures 
were centrifuged and tissue sections were incubated with the supernatant as 
a replacement for the primary Ab. Following incubation with substrate, the 
tissues were lightly counters tained with hematoxylin, dried, and cover- 
slipped for light microscopy. 

Probes 

cDNAs encoding TRAIL, DR4, DR5, DcRl, and DcR2 were excised from 
their respective ptasmid vectors using appropriate restriction enzymes. The 
linear fragments were resolved on 1% agarose gels and visualized by UV 
transillumination, and appropriately sized bands were ehited from the gel 
by centrifugation on GenElute Agarose Spin Columns (Sigma-Aldrich). 
E luted linear ds cDNA was cthanol precipitated and dissolved in 10 mM 
Tris-HCl, pH 8, 1 mM EDTA. Probes from interior regions of the cDNAs 
for TRAIL (—550 bp encoding the extracellular soluble region (19)), DR4 
(bp 739-952, 214 bp), DcRl (bp 217-566, 350 bp), and DcR2 (bp 573- 
787, 215 bp) were generated by PCR and agarose gel purified, as described 
above. * 

RNA isolation and Northern blot analysis 

For Northern blot analysis, total RNA was prepared from untreated cul- 
tured cell tines ( 1-2 X 10 s cells per preparation) using TRlzol (Life Tech- 
nologies, Gaithersburg, MD) or TRI reagent (Sigma- Aldrich), according 
to the manufacturer's protocol. Total RNA from human term placenta 
was purchased from Ambion (Austin, TX). RNA samples (8-10 jxg/lane) 
were resolved on 1% agarose/2 M formaldehyde gets. The gels were ex- 
amined by UV transiUumination and immediately blotted to Nytran using 
a TurboBlotter, as directed (Schleicher & Schuell). UV cross -linking was 
performed with a UV Stratatiuker 1800 (Stratagene Cloning Systems, La 
Jolla, CA). Dry blots were either used immediately or sealed in heat-seal 
bags and stored at 4°C. Twenty-five nanograms of each cDNA or PCR- 
generated probe were random-prime labeled with [a- J2 P]dCTP (3000 Ci/ 
mmol; ICN Pharmaceuticals. Costa Mesa, CA) using the Random Primers 
DNA Labeling System (Life Technologies), according to the manufactur- 
er's instructions. Unincorporated nucleotides were removed from labeled 
cDNA probes by centrifuging through Micro Bio-Spin 6, SSC Chroma- 
tography Columns (Bio-Rad Laboratories). Specific activity of labeled 
cDNA probes was determined by liquid scintillation, and 5 X 10* cpm/ml 
(4 ml total hybridization solution) was used for each hybridization. Hy- 
bridization was performed in a Hybaid oven using QuikHyb (Stratagene) 
hybridization solution essentially as recommended by the manufacturer: 
prehybridizatioo for at least 20 min at 68°C ( hybridization with labeled 


probe for 1 h at 68°C, two 1 5 -min low stringency washes (2X SSC, 0.1% 
SDS) at room temperature, one 30 -min high stringency wash (O.tX SSC, 
0. 1% SDS) at 60°C, and a second 1 5 -min high stringency wash at the same 
conditions. The blots were briefly rinsed in 2X SSC at room temperature 
before being sealed in heat-seal bags (KAPAKL, Minneapolis, MN) and 
exposed to Hyperfilm MP (Amersham Life Science) in the presence of 
intensifying screens. 

IFN-y treatment of cell lines 

Four 10O-mm tissue culture dishes for each cell line were seeded and 
incubated at 3T°C 5% C0 2 in humid air the trophoblastic cell lines Jar and 
J EG -3 at 2 X 10* cells in 10 ml of growth medium 1 day before treatment 
and the monocytic cell lines U937 and THP-1 at 3 X 10* cells in 10 ml of 
growth medium 2-4 h before treatment. A total of 100 yX of 1 X 10* U/ml 
of human r IFN-y (rhuIFN y, Genzyme, Cambridge, MA) was added to two 
of the dishes for each line, and 100 yX of medium was added to the re- 
maining two dishes (controls). Incubation was resumed for 24 h, at which 
time one medium control and one rhuIFN-y-treated culture dish for each 
cell line were removed for total RNA preparation using TRlzol, as de- 
scribed above. Total RNA was prepared from the remaining cultures after 
an additional 24 h (48 h total incubation time). Northern blot analysis was 
performed as described above. Gels were transilluminated and photo- 
graphed with Polaroid 665 black and white film to obtain ethidium bro- 
mide-stained 28S and 1 8S bands (loading controls). Northern blot films and 
the Polaroid negatives were quantitatively analyzed using a Molecular 
Dynamics (Sunnyvale, CA) Personal Densitometer and ImageQuaNT 
software. 

Cytotoxicity assays 

JEG-3, Jar, U937, THP-1, and He La human endometrial adenocarcinoma 
cells from ATCC were plated into 96-wcll microplates (0.1 ml/well, rep- 
licates of three wells) in medium containing 10% FBS. U937 and THP-1 
cells were plated at 5 X 10* cells/well, and all other cells were plated at 
I X 10 4 cells/well. After overnight culture at 37°C, rTRAIL (20) was 
added to a final concentration of 0, 10, or 1000 ng/ml, and cultures were 
continued for 20 h. Mitochondrial enzyme activity was evaluated using an 
MTT kit from Promega (Madison, WI), following the manufacturer's di- 
rections. Color intensity was determined spcctrophotomctrically at A^. 
Duplicate plates were established, and cytotoxicity was assessed by exclu- 
sion of the vital dye, trypan blue. 

Nuclear fragmentation assay 

To determine whether the rTRAIL used in cytotoxicity assays killed by 
apoptosis, HeLa cells were seeded into eight-chamber Lab-Tele Tissue Cul- 
ture Chamber Slides (Nunc International, Naperville, IL) at 3 X 10 5 cells/ 
well in 0 J ml of culture medium and cultured overnight at 37°C. On the 
following day, 30 y\ of culture medium (controls) or culture medium con- 
taining 1000 ng/ml of rTRAIL was added to each well for a final concen- 
tration of 100 ng/mL The cells were incubated for 2 h at 37°C, then the 
slides were rinsed briefly in PBS, air dried, and fixed for 30 min in 1% 
paraformaldehyde at 4°C. The slides were washed in PBS and incubated in 
the dark at room temperature for 15 min with 0.4 fig/ml DAPI (4% 6-dia- 
midino-2-phenylmdole; Sigma) in PBS. The slides were rinsed briefly in 
PBS and mounted using Slow fade Light Antifade glycerol mounting me- 
dium (Molecular Probes, Eugene, OR) and examined for nuclear fluores- 
cence. 

Results 

Localization of TRAIL protein in human placentas 

Previous studies have reported that human placentas contain 
TRAIL mRNA (9, 10). To determine whether the messages were 
translated and to identify the cells containing TRAIL protein, im- 
munohistochemical experiments were performed. Specificity of a 
commercially available Ab to a human TRAIL-spccific amino acid 
sequence was first verified by immunoblotting. As shown in Fig. 1 , 
left panel, the goat anti-human TRAIL Ab detected a polypeptide 
of A£ — 33,000-34,000 (major band) as well as less prominent 
bands at A£ = 42,000, M, = 32,000, and K = 31,000. These 
results were generally consistent with previous reports on TRAIL 
protein (17). This same Ab was then used for immunohistochem- 
ical experiments. 
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FIGURE 1. Immunodetection of TRAIL in human 
term placenta using a goat Ab to a human TRAIL- 
specific peptide {left) and immunohistochemical local* 
ization of TRAIL protein in human placentas and 
membranes using the same Ab (right). In unmunoblots 
of 60-/xg samples of placental protein, the Ab detected 
a major band at approximately 33—34 kDa and addi- 
tional bands at approximately 42, 32, and 3 1 kDa sim- 
ilar to those previously reported (17). In imnrninnhis- 
to logic experiments, TRAIL was localized to cells in 
A t a first trimester placental villus that included syn- 
cytiotrophoblast (large arrows) and macrophage-lilcc 
Hofbauer cells (small arrows and inset); C, first tri- 
mester decidual cells (arrowheads), but not leuko- 
cytes; and £, term ammochonon. In B t normal goat 
IgG was substituted for anU-TRAEL, and in D and F, 
the primary Ab was pre incubated with specific pep- 
tide. A, amnion membrane; C, chorion membrane; D, 
decidua; FM, fetal mesenchyme; L, leukocytes. Orig- 
inal magnifications, A~D, X200; £, F, X 100. 


42kd_ 


31kd_ 






\ •: ■ . -.-W:- ;*•-■»■ 


Fig. 1, r/gftf panel, shows that TRAIL in first trimester placentas 
was prominent in syneytiotrophoblast, where it was localized, pri- 
marily to the apical brush border. I mmunorcacti ve TRAIL was 
detected in villous stroma and stromal cells, particularly the round, 
highly vacuolated cells known as Hofbauer cells (placental mac- 
rophages), but was low to absent in fibroblastic mesenchymal cells 
and endothelial cells (Fig. \A); Normal goat IgG did not bind to 
any cells in first trimester placentas (Fig. IB), and these controls 
were also negative with all other tissues. Fig. 1C shows that large 
maternal decidual cells in first trimester tissues were TRAIL pro- 
tein positive. Leukocytic aggregates identified as "L** in Fig. 1C 
and endothelial cells were TRAIL negative. Staining was essen- 
tially abolished by pre incubating the anti-TRAIL reagent with spe- 
cific peptide (Fig. ID). 

In term placentas, imraunoreactivity with anti-TRAIL was less 
intense. Positive signals were detected in both syneytiotrophoblast 
and macrophage-like mesenchymal cells (data not shown). In term 
extraplacental membranes, TRAIL protein was clearly evident in 
the amnion membrane (Fig. IE) as welt as in a few macrophage* 
like stromal cells located between the amnion and chorion mem- 
branes and maternal decidual cells. Chorionic cytotrophoblasts 
contained little or no TRAIL. Staining in the extraplacental mem- 
branes was completely abrogated by premcubating the primary Ab 
with specific peptide (Fig. IF)- 

These results confirmed translation of TRAIL messages in pla- 
centas and indicated that TRAIL is differentially expressed at the 
maternal-fetal interface, with synthesis probable in syneytiotro- 
phoblast cells, placental macrophages, amnion epithelial cells, and 
maternal decidual cells. 

Detection of TRAIL tnRNA in human placentas and celt lines 

In accordance with previous reports (9, 10), Northern blots of term 
placental RNA demonstrated TRAIL transcripts migrating to a po- 
sition on the gels corresponding to 2 kb (Fig. 2). We then used the 
same experimental method to test cell lines representing two of the 
major TRAIL protein-positive cell types identified by immunohis- 
tochcrnisrjy in human placentas, trophoblasts (Jar, JEG-3 cells), 
and monocytes/macrophages (U937, THP-l cells). 

Fig. 2 shows that TRAIL transcripts were present in all of the 
cell lines. Transcripts were prominent in Jar and JEG-3 tropho- 


blastic cells, but steady state levels of TRAIL mRNA were reduced 
in monocytes/macrophages, with lower expression in U937 cells 
than in THP-l cells. This and other TRAIL Northern blots used a 
PCR-generated (approximately 550-bp) DNA probe that identified 
sequences encoding the external soluble portion of the TRAIL pro- 
tein. In all Northern analyses, equal loading of lanes and quality of 
RNA were verified by examining 18S and 28S rRNA content by 
ethidium bromide staining (Fig. 2, lower panel). 

These experiments supplied experimental support for the idea 
that both trophoblasts and placental macrophages transcribe the 
TRAIL gene. 

rhuIFN-y enhances TRAIL mRNA in trophobtast and 
macrophage cell lines 

Activation with Con A (T cells) and LPS (B cells) increases 
TRAIL expression in T and B lymphocytes, respectively (17). 
Macrophages are activated by IFN-y, and trophoblasts have some 
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TRAIL 

FIGURE 2. Upper panel. Detection of 2-kb TRAIL mRNA in human 
term placenta (Placenta), human trophoblastic cell lines (Jar, JEG-3), and 
human monocytic cell lines (U937, THP-l) by Northern blot hybridization. 
A total of 10 fig of total RNA was loaded m each lane, as described in 
Materials and Methods. Lower panel. The matching ethidium bromide- 
stained agarose gel demonstrates equal loading of samples. In both panels, 
locations for 28S and 18S rRNA are marked on the right. 
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FIGURE 3. Northern blot hybridization experi- 
ments showing the effects of IFN-7 on steady state 
levels of TRAIL mRNA in tropho blast cell tines (Jar, 
JEG-3) and macrophage cell lines (U937, THP-1). 
Cells were incubated with 100 U/ml of rhuIFN-y for 
24 or 48 h. A total of 8 pg of total RN A was loaded 
in each lane, as described in Materials and Methods. 
The lower panels show ethidium bromide-stained aga- 
rose gels, which verity approximately equal loading of 
each lane. 


U937 


THP-1 
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macrophage-like characteristics (34). Therefore, we tested 
rhuIFN-7 for effects on TRAIL mRNA in the cell lines. Jar, JEG-3, 
U937, and THP-l cells were exposed to 100 U/ml of rhuIFN-y. 
RN A was harvested at 24 and 48 h, and Northern blot hybridiza- 
tion was used to analyze TRAIL mRNA. 

Fig. 3 shows mat IFN-y efficiently enhanced TRAIL mRNA in 
all four cell lines, although the kinetics of enhancement varied. 
Equal loading was verified by examining 28S and I8S bands on 
ethidium bromide-stained agarose gels. Table I shows the means 
and SDs of three independent experiments, in which the results 
were analyzed quantitatively using scanning densitometry. Mean 
increases in steady state levels of TRAIL mRNA compared with 
28S RNA varied from 2-ll-fold at 24 h, and 2-3-fold at 48 h. 
Exposure for 24 h was maximal for Jar, JEG-3, and THP-l cells, 
and levels declined at 48 h, whereas 3-fold increases were ob- 
served at both 24 and 48 h in U937 cells. No cell lineage-specific 
patterns were observed in these experiments. 

Transcripts for TRAIL receptors in placenta and cell lines and 
effects of IFN-y on steady state levels 

Potential target cells for placental TRAIL were then investigated 
by using Northern blot hybridization to detect receptor mRNA. 

Table L Effect of IFN-y on TRAIL and TRAIL receptor mRNA levels 


JFN-y Treatment/Medium 
. Control" 


mRNA 

Ceil Line 

24 h 

49 h 

TRAIL 

Jar 

JEG-3 

U937 

THP-l 

5.6 ± 3.0 
23 ± 0.8 
3.0*0.9 
ll.l±3.8 

1.9 ±0.7 
1.8 ±0.4 
33 ± 0.9 
3.2 ±0.1 

DR4 

THP-l, 5-kb band 
THP-l, 3-kb band 

1.4 ± 0.4 
1.9 ±0.5 

13 ±0.8 
23 ±0.5 

DR5 

Jar 

JEG-3 

U937 

THP-l 

12 ±0.2 
1 .0 ± 0.2 
0.8 ± 0.1 
1.2 ±0.1 

l.l ±0.1 
1:0 ±0.1 
1.0 ± 0.2 
1.4 ± 03 

DcRl 

Jar, 5-kb band 
Jar, 3-kb band 
Jar. 1.5 kb band 
JEG-3, 5-kb band 
JEG-3, 3-kb band 
JEG-3, 1 .5-kb band 

l.l ± 0:2 
1.0 ±0.2 
0.9 ± 0.2 
1.0 ± 0.2 
1.0 ± 0.1 
1.0 ±0.1 

l.l ±0.4 
1.1 ±0.4 

1.1 ±0.4 
1.4 ±0.6 

1.2 ±0.5 
13 ±0.6 

DcR2 

U937 
THP-l 

0.9 ±0.1 
0.8 ± 0.2 

0.7 ±0.1 
0.7 ±0.1 


" The peak area of each transcript band was normalized to the peak area of the 28 S 
ribosotnal RNA. band for that sample. The resulting value for IFN- 7- treated cells at 
each time point was divided by the value for the medium-treated cells at the same tune 
point. Means ± SDs for three separate experiments are shown. 


Initially, full-length cDNAs encoding each of die four receptors 
were used to generate probes. Because the DNA sequences for the 
four receptors contain sizable regions of identity and similarity, 
there was some cross-detection, particularly of DR5 by the full- 
length probes for DR4, DcRl, and DcR2. (The full-length cDNA 
probe for DR5 did not detect transcripts for the other three recep- 
tors, however.) To reduce this cross-detection, PCR was used to 
generate smaller probes for DR4 r DcRl, and DcR2 from regions of 
less DNA sequence similarity. Identical specific transcript bands 
were detected by full-length cDNA and the PCR-generated probes. 
Cross-detection of DR5 transcript by probes for the other three 

A 


B 



DcR1/TRID/Ln7TRAIL-R3 DcR2/TRUNOD/TRAIL-R4 


FIGURE 4. Detection of apoptosis-inducing TRAIL-R mRNA (DR4/ 
TRAIL-R1, DR5/TRICK2/TRAIL-R2) {A) and decoy TRAIL-R (DcRl/ 
TRJD/L1T/TRA1L-R3, DcR2/TRUNDD/TRATL-R4) in human placenta, 
trophoblastic cell lines (Jar, JEG-3), and human monocytic cell lines 
(U937, THP-l) by Northern blot hybridization (0*). A total of 10 jig of total 
RNA was loaded in each lane, as described in Materials and Methods. The 
lower panels show ethtdxum bromide -stained agarose gels, which verify 
approximately equal loading of each lane. 28S and 18S rRNA are marked 
on the right. 
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Table IL Results of MTT assays used to assess the cytotoxic effects of rTRAIL on human macrophage ceil 
lines (U937. THP-1). human trophoblast cell lines (JEG-3. Jar), and endometrial adenocarcinoma (HeLa) 
cells 0 


Cell Line 

ExoL No 

■ a>^w* 


TRAIL (ng/cnl) 


0 

to 

100 

1000 

U937 

1 

0 ± 5.5 

13.6 ± 2.4 

30.4 ± 4.3 

NLT 


2 

0 ± 2.3 

15.5 ±4.2 

32.0 ± 1.7 

34.2 ± 0.4 

THP-1 

1 

0 ± 2.0 

0.9 ± 1.0 

123 ± 1.0 

ND 


2 

0 ±43 

3.9 ± 13 

9.6 ± 3.6 

243 ± 2.5 

Jar 

1 

0 ± 2.9 

0 ±3.1 

0 ±5.5 

ND 


2 

0 ± 1.4 

2.4 ± 23. 

2.6 ± 1.9 

0.1 ± 2.0 

JEG-3 

1 

0 ± 2.7 

IS ±4.6 

0 ±4.6 

ND 


2 

0±2.l 

2.1 ± 1.6 

1.7 ± 1.4 

1.0 ± 1.0 

HeLa 

i 

0 ± 1.7 

0 ±7.1 

27.4 ± 1.1 

ND 


2 

0 ±4.6 

4.2 ±0 

273 ± 0.6 

38.1 ± 1.5 


* CeUs were cultured in 96- well nucroplates and incubated for 20 h in the presence or absence of rTRAIL as described in 
Materials and Methods. Mitochondrial enzyme activity was then evaluated using the MIT assay. The results arc shown as % 
cytotoxicity. 

* Cytotoxicity was calculated using the following formula: ([OD570 COTira4 - OD570 c ^^ atll ]/OD570 c « - « - ) X 100, where 
control values were determined from cells cultured in medium. The means ± SO of cytotoxicity for three replicate wells arc' 
shown. 

C ND, not done. 


receptors was greatly reduced or eliminated when the PCR-gener- 
ated probes were used, as shown in Fig. 4. Approximate sizes of 
the transcripts detected were 5 and 3 kb for DR4; 4.5 kb for DR5; 
5, 3, and 1.5 kb for DcRl; and 4 kb for DcR2. All are consistent 
with published reports (19-26, 28-32). 

Fig. 4vf illustrates mRNAs for the apoptosis-inducing DR4 and 
DR5 receptors, and Fig. 40 illustrates mRNAs for the decoy re- 
ceptors, DcRl and DcR2. Placentas contained specific mRNA en- 
coding each of the four TRAJL-R, although signals were generally 
weak in comparison with cell lines. This may have been due to the 
mixed cell types present in tissue and to the comparatively lower 
quality of the placental RNA available from commercial sources. 
In the cell lines, transcripts encoding the apoptosis-inducing DR4 
receptor were detected only in the THP-1 cells, whereas specific 
mRNA encoding the second apoptosis-inducing receptor, DR5, 
were present in all four of the cell lines. The THP-1 cells, which 
contained mRNA encoding the DR4 receptor, had the least mRNA 
for the DR5 receptor, and the reverse was true for JEG-3, Jar, and 
U937 cells. 

As illustrated in Fig. 4/?, only the two cell lines derived from 
trophoblastic cells, JEG-3 and Jar, contained DcRl mRNA; spe- 
cific transcripts were undetectable in the two tumor-derived mono- 
cyte/macrophage cell lines, U937 and THP-l. In striking contrast, 
DcR2 decoy receptor transcripts were present only in macrophage 
cell lines and not in the trophoblastic cell lines. Matching ethidium 
bromide-stained agarose gels are shown for each receptor Northern 
blot to verify equal loading of the lanes. 

Table I shows the mean fold change in receptor mRNA induced 
by treating the cell lines with 100 U/ml of rhuIFN-y for 24 or 48 h. 
Cytokine treatment had essentially no effect on receptor mRNA 
levels in Jar, JEG-3, and U937 cells. By contrast, DR4 message 
was doubled in the only cell line that transcribed this gene, the 
THP-l cells. 

Cytotoxicity of TRAIL for trophoblast and macrophage cell lines 

The results described above regarding expression of specific 
TRAIL receptors predicted that both trophoblast and macrophage 
cell lines would be protected against killing by TRAIL, the first by 


DcRl and the second by DcR2. To evaluate this postulate, trap ho- 
blast-derived and macrophage cell lines were incubated with 
rTRAIL and tested for mitochondrial enzyme activity 20 h later 
using a commercially available MTT assay. 

Table II shows that trophoblasts were fully protected against 
TRAIL cytotoxicity. By contrast, U937 and THP-1 tumor macro- 
phages as well as HeLa endometrial adenocarcinoma cells were 
sensitive to killing by TRAIL and the effects were dose dependent 
The MTT results were verified in trypan blue assays for cell via- 
bility (results not shown). 

Nuclear stains were done to determine whether rTRAIL killed 
cells via apo ptosis. Fig. 5 shows nuclear changes induced by ex- 
posing HeLa cells to 100 ng/ml of rTRAIL for 2 h. The nuclei of 
untreated control cells were of fairly uniform size and shape, con- 
tained distinct nucleoli, and exhibited comparatively homogenous 
staining, whereas the nuclei o f TRAIL -treated cells varied in size 
and shape and exhibited areas of intense staining as well as frag- 
mentation characteristic of apoptotic changes. 

Discussion 

The results of this study document for the first tunc that I) human 
placentas transcribe and translate the TRAIL gene, 2) TRAIL pro- 
tein is differentially distributed among specific cell lineages, and 3) 
steady state levels of TRAIL mRNA in trophoblast and macro- 
phage cell lines as well as DR4 transcripts in a macrophage cell 
line are enhanced by IFN-y. We verified transcription of all four 
TRA1L-R genes in human placentas, and in this study provide 
evidence that the array of receptor messages in cell types com- 
prising placentas is also cell type specific. The results of a final 
series of experiments implied that trophoblast is well equipped to 
participate in TRAIL-mediated killing without sustaining injury, 
and that this may be due to expression of DcRl. 

TRAIL is likely to play a major role in maintaining placental 
immune privilege. Syncytiotrophoblast, which is continuously 
bathed in maternal blood containing immune cells, was the major 
cell type containing immunoreactive TRAIL. It is now well estab- 
lished that TRAIL cooperates with FasL in limiting lymphocyte 
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FIGURE S. The DAPI (4% 6-diamidLao-2-phcnylindoIc) nuclear fluo- 
rescence stain reveals alterations in the nuclei of TRAlL-treated HeLa cells 
consistent with induction of apoptosis. Upper panel. Control HeLa cells. 
Note that the fluorescent cell nuclei are round and staining is fairly ho- 
mogenous. Cell cytoplasm is not visible in this stain. Lower panel, TRAIL- 
treated HeLa cells. Note that cell nuclei are of various sizes and shapes, and 
contain condensations of DNA (arrows). Original magnifications. X 1000. 


proliferation (17, 35), a process termed activated cell death as op- 
posed to programmed cell death (36). FasL was the first of the 
apoptosis-inducing TNF family members to be implicated in acti- 
vated cell death, and the early demise of natural mutant mice de- 
ficient in FasL or its . receptor, Fas, as a consequence of uncon- 
trolled lymphoproUferation illustrates its biologic importance. 
Through mis ability to kill activated lymphocytes, FasL has been 
implicated in immune privilege in the testis, eye, and pregnant 
uterus (8, 37, 38). Our identification of immunore active TRAIL in 
a placental cell layer that is already known to produce FasL 
strongly suggests cooperativity in this setting, with bom TRAIL 
and FasL potentially involved in killing activated lymphocytes to 
confer irnmune privilege to the placenta. ~~ 

Activated lymphocytes express increased TRAIL, and in this 
study we report that activation of trophob lasts with IFN-7 has the 
same result steady state levels of TRAIL mRNA are efficiently 
enhanced. This is probably of importance in vivo; IFN-y is present 
in placentas and trophoblast has an abundance of IFN-7 receptors 
(39—41). In the only reported experiments similar to these, Sneli et 
aL identified IFN-cr as an enhancer of TRAIL mRNA in PBMC, 
but the RT-PCR results were inconsistent among preparations 
from different individuals (14). 

TRAIL-mediated self-destruction as well as destruction by para- 
crine TRAIL may be prevented in trophoblast by the production of 


the decoy receptor, DcRL This idea is offered cautiously; whether 
DcRl expression, which was prominent in choriocarcinoma cells 
(this study), is also a feature of normal trophoblast in situ is un- 
known. Specific Ab to DcRl that could be used for protein iden- 
tification has not been reported. However, trophoblast is the main 
cell type in placentas, and DcRl is exceptionally high in this or- 
gan, as noted recently by Marsters et aL (30). Trophoblast-derived 
choriocarcinoma cells containing DcRl mRNA were entirely re- 
sistant to killing by rTRAIL. Although our presumption is that 
DcRl provided total protection, it is equally possible that tropho- 
blast cell DR5 apoptosis-inducing receptors are either not pro- 
duced or are nonfunctional. TRAIL protection is provided differ- 
ently from both FasL and TNF-oc, which are characterized by 
limited expression of the ligand (Fas/FasL) and soluble receptors 
that interfere with membrane binding and signal transduction 
(TNF-ot). With its array of four different receptors, TRAIL may 
have significantly greater flexibility in determining cell life or 
death than other apoptosis-inducing TNF-related cytokines. 

Macrophages comprised a second placental cell type that con- 
tained TRAIL protein in situ. Further studies on cell lines showed 
that this lineage expresses the TRAIL gene and contains higher 
levels of mRNA following activation with IFN-7. This finding was 
of considerable interest; modulation of TRAIL expression had not 
been demonstrated in either trophob lasts or macrophages before 
this study. The functions of TRAIL in villous macrophages are 
unknown, but it does not seem unreasonable to suggest that these 
migratory cells, which are phagocytic, produce cytokines, and pro- 
tect against transport of unwanted substances into the fetus (42), 
might use their TRAIL for placental modeling and/or lolling of 
neoplastic cells. The studies on macrophage cell lines suggested 
that at least in this lineage, DR5 delivers a death signal more ef- 
fectively than DR4. The U937 cells, which were highly susceptible 
to TRAIL-induccd apoptosis, expressed more DR5 and less DR4 
mRNA than THP-1 cells, which were less sensitive to killing by 
TRAIL. Interestingly, the DR4 message was elevated by treating 
THP-l cells with IFN-y, whereas a slight decrease in DcR2 mRNA 
following cytokine treatment was observed, suggesting a recipro- 
cal relationship between an apoptosis-inducing and a protective 
receptor deserving of further investigation. The inability of ex- 
tremely high concentrations of rTRAIL to achieve total lysis of 
macrophage cell lines (Table II) is of interest and implies that, as 
suggested in other contexts (43), mechanisms other than decoy 
receptors may be important in protecting cells from destruction by 
TRAIL. 

A third type of fetal cell that contained TRAIL protein was the 
amnion epithelial cell, but no experiments were done to detennine 
whether this lineage produces TRAIL or simply endocytoses the 
protein, and its potential functions are unclear. 

Maternal decidual cells in the placental bed residing side by side 
with migrating trophoblasts were TRAIL positive. It seems un- 
likely that these TRAIL-expressing cells kill the trophoblast cells; 
there, is little evidence for trophoblast cell death in the placental 
bed. There has been considerable interest and speculation regard- 
ing the role of TRAIL in killing tumor cells (14, 44), suggesting 
the possibility that destroying neoplastic cells that arise in this 
dynamic situation of cell growth and proliferation may be a major 
role for decidual cell TRAIL. 

In summary, the results of this study strongly suggest that high 
expression of TRAIL and the decoy receptor, DcRl , in trophoblast 
cells exposed to maternal blood may contribute importantly to im- 
mune tolerance during pregnancy. Moreover, the observations re- 
ported in this work are consistent with the postulate that TRAIL 
has other roles at the maternal-fetal interface that could include 
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protecting against the development of tumors and contributing to 
placental modeling and homeostasis. 
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